Objective: People with brain tumor experience complex and distressing symptoms.
Brain tumors are rare, but serious and chronic and they have the combined effects of brain injury and cancer. The worldwide incidence of malignant and benign tumors is 6.4/100 000 and 2.9/100 000 respectively [1] . Although brain tumors vary in their neuropathology and treatment, all forms pose a significant threat to people's functional status and subjective well-being [2, 3] . People typically experience alarming symptoms (e.g., seizures, sensory loss) prior to diagnosis with uncertainty about their future outcome. Anxiety and depression has been reported in 30-50% of patients [3] .
While neurological characteristics (e.g., tumor type, grade and treatment) are generally reliable predictors of survival and functional status [4] [5] [6] they are poor predictors of subjective well-being indicators, such as depression and quality of life [3, 7] . Adjustment to brain tumor is influenced by an interplay of premorbid characteristics, neurological status and personal and social resources [3] . Theories of stress and coping have been applied to understand how people make sense of and cope with their illness [8, 9] . However, cognitive impairments arising from brain tumor can compromise the adjustment process.
Neuropsychological testing is a common method to determine the impact of brain injury on everyday functioning [10] . Indeed, such results can be more sensitive to early tumor recurrence than imaging techniques [11] . Numerous studies have documented the effects of brain tumor on global cognitive functioning, processing speed, attention, memory, visuospatial skills, language and executive functioning [5, 6, 12] . However, research investigating the relationship between neuropsychological impairment and quality of life (QoL) has yielded mixed findings [3] . A possible explanation for these inconsistent results relates to the influence of premorbid cognitive ability or IQ [13] . Specifically, people with higher premorbid IQ may have greater capacity to cope with neuropsychological decline than those with low premorbid IQ.
The concept of cognitive reserve has been proposed to account for differences in functional outcomes of individuals with similar brain pathology in the context of head injury, stroke and dementia [13] . Cognitive reserve refers to the process of optimising performance by drawing upon one's neural networks to cope with increased task demands or to compensate for brain damage [13] . According to Jones et al. [14] , cognitive reserve is "a feature of brain structure and/or function that modifies the relationship between injury or pathology and performance on neuropsychological tasks or clinical outcomes." (p. 593).
Cognitive reserve develops throughout life and is strongly influenced by environmental stimulation, including educational and occupational opportunities. Greater cognitive reserve (i.e., higher education, occupational status or premorbid IQ) is found to be a protective factor and enhance well-being in the context of dementia [15] , head injury [16] , psychopathology [17] and chemotherapy treatment for cancer [18] . However, the role of cognitive reserve in adjustment to brain tumor has yet to be investigated. sample included a subset of participants (n = 28) from a previous study [19] . Study inclusion criteria included: diagnosis of a primary brain tumor; aged 18-65 years; no pre-existing psychiatric, neurological or literacy disorder; adequate receptive and expressive English language skills. An informal screen for aphasia during the pre-assessment interview identified two participants with expressive language difficulties who were excluded from the study. The Depression Anxiety and Stress Scales (DASS) [24] depression scale assesses low mood over the past week. Scores >9 are considered clinically meaningful. The scale has good reliability and validity for the brain tumor population [25] .
Results
The data were screened for missing values and checked for relevant assumptions. The interactive effects of estimated premorbid IQ and GNF were examined using analysis of covariance (ANCOVA). Dichotomous variables were created using a median split for GNF (i.e., low GNF z < -.68 and high GNF z > -.68)) and standard clinical categories for estimated premorbid IQ (i.e., "low average to average" [80-109] and "high average" [110-119]). Significant interactions were evident for depression and FACT emotional well-being (p<.05) (see Table 1 ). Figure 1 shows that participants with high average estimated premorbid IQ and low GNF had lower depression and better emotional well-being than those with low average to average estimated premorbid IQ and low GNF. There were no significant interactions or main effects for physical well-being, social well-being or global QoL (p>.05);
however, there was a significant main effect of GNF for functional well-being (p=.002) with a medium to large effect size (ηρ² =.13).
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Consistent with cognitive reserve theory [13, 14] this study found that high average estimated premorbid IQ supported individuals with lower neuropsychological functioning to maintain better emotional well-being after brain tumor. The findings suggest that these individuals were able to draw upon their pre-existing cognitive capacity to cope with the neuropsychological effects. A buffering effect was evident for depression and general emotional well-being (e.g., sadness, worry and hope), but not for global quality of life or the physical, social and functional well-being domains. Participants with high GNF reported better functional well-being (e.g., ability to work and enjoy life) than those with low GNF, irrespective of their estimated premorbid IQ.
A possible explanation for the buffering effect of high average estimated premorbid IQ for emotional well-being relates to the link between IQ and social resources such as socioeconomic status (SES). Although SES was not measured, pre-existing social resources are unlikely to fully account for the protective effects of premorbid IQ because education level was controlled for. Higher estimated premorbid IQ has also been found to promote more active coping strategies after brain injury [16] . While neuropsychological impairment can compromise coping skills [26] , greater cognitive reserve may support people to manage the emotional impact of a neurological disorder. People with higher premorbid IQ may have better health literacy and be able to access and consume health-related information and services more effectively [27] . Furthermore, they may draw upon pre-existing resources (e.g., optimism and resilience) to cope with stressors associated with brain tumor. In support of this proposition, higher IQ has been found to be protective of psychopathology [17] , and personality characteristics are known to influence long-term psychological adjustment to cancer [28] . With further understanding of the mechanisms underlying the buffering effect of cognitive reserve, there may be scope to harness or strengthen personal resources of individuals with brain tumour through psychosocial interventions.
Various limitations of this study need to be recognised, particularly those related to sample characteristics and measurement issues. First, due to the relatively small sample and heterogeneous tumor characteristics caution is needed in generalising these findings to the broader brain tumor population. Further research is needed to determine whether the buffering effect of high average IQ for emotional well-being is evident in more homogeneous brain tumour samples (e.g., people with low grade glioma). Second, estimated premorbid IQ was used as a single proxy indicator of cognitive reserve in this study. Although education level has been more widely used, Jones et al. [14] note that large age cohort differences exist in average level of educational attainment. An advantage of using estimated premorbid IQ (i.e., word pronunciation) as a moderator is that this proxy indicator of cognitive reserve is associated with broader life experiences than formal education. While many older adults might have had less opportunity to complete high school and/or post-secondary education, they could increase their cognitive reserve and IQ through other mentally stimulating activities. In general, different proxy indicators have been used in prior research (e.g., educational attainment, occupation, intracranial volume) and a multiple-indicator method has been advocated for measuring the hypothetical construct of cognitive reserve [14] . Third, GNF was classified as 'high' or 'low' relative to the current sample rather than clinical cutoffs and this composite score was only partially adjusted for the effects of education.
Neuropsychological data from controls matched on age, education and gender would strengthen future studies. Fourth, although participants were screened for aphasia as part of the pre-assessment interview, the lack of formal diagnosis and standardised screening test for aphasia is a further limitation.
Overall, these findings extend the growing body of literature indicating that psychosocial resources buffer the impact of negative life events on psychological well-being. This study's novel contribution was identifying the moderating influence of estimated premorbid IQ on the relationship between neuropsychological impairment and emotional well-being, which advances understanding of adjustment to neurological disorders. Future research needs to determine how high average premorbid IQ buffers the effects of cognitive decline on emotional well-being with a particular focus on personal and social resources. Significant interactions between estimated premorbid IQ (EPIQ) and global neuropsychological function (GNF) for depression, emotional well-being and quality of life
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